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THE FRICTION OF WATER IN PIPES AND FITTINGS. 
OBJECT OF INVESTIGATION 
The general object of the investigation described in this bulle-
tin was the determination of the friction of water in pipes and 
tlttings, with particular reference to the application of this in-
formation to the design of the piping of hot water heating 
systems. 
GENERAL RESULTS 
Briefly stated, the results attained so far are the following: 
A . The friction of water, at a temperature of about 70 de-
grees F., in one foot of new and clean, black, standard' pipe, 
ranging in size from % inch to 3 inches, is 
vl,79d-."' 
.00685 feet of water of the same density dl ,275 
as that which flows through the 
pipe. 
or, on an average, £or the conditions named, 
vl ,77 
.00685 ___ feet 
a1.215 , 
if v represents the velocity of the water in feet per second and d 
the internal diameter of the pipe in inches. (See pp. 7-12.) 
B. The friction of water in galvanized iron pipe is slightly 
greater than that in black pipe. (See pp. 12-13.) 
C. The friction of water in used pipe is greater than in new 
pipe; in the case of a 11/2 inch galvanized iron pipe, which had 
been in use for seven years in a hot water heating system, it was 
found to be 
.003935 v1 ·•21 feet of water per foot of pipe as compared 
with .003373 v1 · 8m for a new galvanized iron pipe of the same 
side. (See pp. 13-14.) 
D. The friction of water in standard wrought iron couplings 
is very small; for a % inch pipe and a velocity of one foot per 
second it is equal to that in a %. inch pipe whose length is equal 
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to three diameters, and for a 1 inch pipe it is equal to that in a 
1 inch pipe whose length is equal to one diameter. (See pp. 14-
16.) 
E. The friction of water due to the burrs which are left in 
pipes by the ordinary pipe cutter when the ends of the pipe 
are not reamed is considerable, particularly in the smaller sizes. 
For a % inch pipe and a velocity of one foot per second the 
friction due to a pair of burrs is equal to that in a % inch pipe 
whose length is equal to nineteen diameters, and for a 1 inch pipe 
it is equal to that in a 1 inch pipe whose length is equal to nine 
diameters. <See pp. 16-18 and Eqs. 35 and 39.) 
F. The friction of water in a standard short radius, 90 
degree elbow, after deducting for the length of the elbow, so 
that o'nly the friction due to the change of direction of flow and 
that due to change of cross sectional area of conduit is con-
, sidered, is, for elbows ranging in size from Vz inch to 2Vz inches, 
vl.98 
.0141 ~feet of 'rnter. (See pp. 18-23.) 
For the range of sizes and velocities investigated, the friction 
of a standard 90 degree elbow is about the same as that of a 
pipe whose diameter is equal to that of the elbow and whose 
length is equal to twenty-five diameters. (See p. 22, diagram.) 
G. The friction of ·water in short radius, ·Ordinary elbows is 
greater than that in Jong radius, ordinary elbows; the differ-
ence is variable, decreasing with the velocity; for a 11/i. inch 
elbow and a velocity of one-half foot per second the friction in 
a short radius elbow is about five times as great as in a long 
radius elbow; for a velocity of two feet it is about twice as 
great. (Compare Lines 54 and 56 of Fig. 11). 
'l'hc friction of water in short radius, drainage elbows is 
greater than that in long radius, drainage elbows; the differ-
ence is not as variable as in ordinary elbows; for a 11,4-inch 
elbow and a velocity ranging from one-half foot to two feet per 
second, the friction in a short radius, drainage elbow is about 
twice as great as in a long radius, drainage elbow. (Compare 
Linc 58 with Lines 60 and 62 in Fig. 11). 
The friction of watE-r in drainage elbows (of the types and 
size tested in these experiments) is about twice as great as that 
The Friction of W ate1· in Pipes a·nd Fittings 
in ordinary elbows. (Compare Line 54 with Line 58, and Lines 
60 and 62 with Line 56 in Fig. 11) . 
H. The friction of water decreases as its temperature in-
creases. For temperatures ranging from 60 degrees F. to 140 
degrees F. (and, probably, somewhat beyond these limits) the 
friction in one foot of clean black pipe is 
.01533 v 1 ·77 . 
___ feet of water of the same temperature as that 
t.19 dl,275 . 
flowing through the pipe, t being expressed in Fahrenheit degrees 
(.See pp. 25-28.) 
GENERAL METHOD OF TESTING . 
The apparatus used in these experiments is shown in Fig. 1. 
It consists essentially of two tanks, B and C, connected by a 
pipe line containing the pipes and fittings to be tested, and . de-
F ig . 1 
vices for measuring the velocity of the water in the pipes tested 
and the corresponding friction heads. 
In conducting the experiment, water was first admitted to the 
tank A in which it was kept at a practically constant level by 
means of float valves and an overflow pipe. 
From the tank A the water passed to the tank B through a 
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large pipe connecting the bottoms of the two tanks so that the 
two tanks really acted as one, the tank A acting as a baffle-
plate for the tank B. 
From the tank B the water passed to the tank C through the 
pipes and fittings to be tested a.nd through such additional piping 
and fittings as were necessary to connect the tanks; the addi-
tional piping and fittings remained unchanged during any one 
series of tests. 
From the tank C the water was discharged. through a series 
of valves into a weighing tank. 
The difference in elevation of the water in the tanks B and C 
is the head of water, of that particular density, necessary to 
produce th'e fl.ow which is in progress at that particular time 
from the tank B to the tank C; it includes: 
(a) The friction head due to the pipe and fittings being 
tested; . 
(b) The friction head due to the additional piping and fit-
tings in the pipe line connecting the two tanks; 
(c) The friction head due to the outlet of tank Band to the 
inlet of tank G. 
Items b and c were grouped together as .a constant friction 
head in any one series of tests since the piping and fittings to 
be tested were the only variable factors in any one series. 
The difference in elevation of the water in tanks B and C 
was read directly by means of hook gauges; the zero reading of 
each gauge was determined at the beginning or end of each test 
by permi~ting the water to come to rest and to the same level 
in both tanks. 
The velocity of the water in the piping to be tested was de· 
termined· by weighing the water which passed through the piping 
in a definite period of time, generally five minutes. 
The diameters of the pipes were determined by weighing the 
water necessary to fill the pipe after the same had bee.n thor-
oughly cleaned, taking account of the temperature of the water 
used for that purpose. 
The velocity of flow from the tank B to the tank C was regu-
lated by adjusting the discharge valves of the tank C. 
In conducting any one test it was necessary to let the water 
flow through the apparatus until a uniform rate of flow was at-
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tained. When this condition existed the elevations of the water 
in the three tanks were constant, and two successive readings 
would show the same difference in elevation of the water in the 
tanks B and C, and the same weight of water discharged from 
the tank C in a given time. 
In conducting the tests readings were taken at intervals until 
two successive readings were obtained which were exactly alike, 
both with regard to the velocity of the water in the pipe being 
tested, and the corresponding friction head. 
When these readings had been obtained the valves controlling 
t.he discharge from the tank C were changed so as to secure a 
different velocity and correspondingly different friction head. 
In this way a number of readings were obtained for each par-
ticular pipe or fitting tested; during these tests the friction head 
varied from 1150 inch to two feet, and the velocity from % inch 
to three feet per second. 
RESULTS AND METHOD IN DETAIL 
A. The friction of water in new and clean, black, standard 
pipe. 
The pipe line connecting tanks B and C was arranged so as 
to include two joints of 11.4 inch pipe, having a total length of 
41.07 feet. 
Tl1e average diameter of this pipe was 1.361 inches. 
The discharge valves of the tank C were adjusted so that 
the ''eloeity of the water in the 11,4 inch pipe was very low; 
the water was then allowed to run until consecutive readings 
showed that the velocity and the difference in elevation of the 
water in tanks B and C were constant; this generally required 
from thirty to sixty minutes; for the larger pipes it required 
less and for the smaller pipes more time; for the three inch pipe 
a constant fiow could be secured in about twenty minutes after 
the discharge valves had been set; for the half inch pipe it 
required about two hours. 
When the valves happened to be set so that the resulting ve-
locity was near the critical velocity it was impossible to secure 
a constant flow. 
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After .the final reading had been taken for the first adjustment 
of the discharge valves, these valves were opened slightly, and 
readings taken until the flow was again constant, the final read-
ings were again recorded and the discharge valves opened a · 
little more ; this process was repeated until a suffi'Cient number 
of readings had been secured ; the data observed in these te&t.s 
are shown in Table 7, page 32. 
The observed velocities with their corresponding pressure heads 
were then plotted as shown in Fig. 2 by the line A B 0. In 
this case, the critical velocity is shown by the point B ; it is 
about 2/ 10 feet per second. 
The equation of the line B C was determined by reading di-
rectly from the diagram and by calculating the velocities corre-
sponding to several friction heads. This equation, No. 10, is 
recorded under Table 7. 
The two joints of 11,i inch pipe were then removed from the 
line connecting the tanks B and 0 and a piece eight feet !ong 
cut from each joint; these two pieces, having a combined length 
of sixteen feet, were then inserted in the line connecting the 
tanks B and 0, after the pipe ends had been reamed. 
The experiment described above was then repeated and the 
· observed data recorded as shown in Table 8. The velocities and 
corresponding friction heads were plotted as shown by the line 
D E F of Fig. 2. The equation of the line E F was determined 
as described above and recorded as Eq. 11 under Table 8. 
The pipe lines used to connect the tanks B and 0 in the two 
t ests, the results of which are shown by Tables 7 and 8, were 
exactly alike except that in the first case there were ·25.07 feet 
more of 1% inch pipe than in the second case. The difference 
in friction , shown by the vertical distance between the lines 
BO and EF of Fig. 2, or by Eqs. 10 and 11, was due to 25.07 
feet of 1% inch pipe. 
By means of Equations 10 and 11 the friction heads were cal-
culated for three or four different velocities; the differences be-
tween these friction heads were divided by 25.07 and in that way 
the friction head due to one ;foot of 114 inch pipe determined 
and plotted as shown in Fig. 3 by line 12; the equation of this · 
line was then determined and recorded as Equation 12, under 
Table 8. 
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In this manner tests were made with 1/z , %,, 1, 1%, 11/z, 2, 
21/2 , and 3 inch standard black pipe ; the observed values are re-
corded in Tables 1 to 16 ; the equations showing the friction heads 
for one foot of pipe of the several sizes named are numbered 
3, 6, 9, 12, 15, 18, 21, and 24, respectively, and recorded under 
the r espective tables of observed data; the equations were derived 
from the lines shown in Fig. 3 and bearing the same numbers 
as the respective equations. 
Having found the equations which express the relation be-
tween the friction head and the velocity for each of the eight 
pipe sizes named above, a general equation for the several sizes 
was determined in the following manner : 
E ach of the eight equations is of the form h kvn. 
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'l'he eight values of k and of n were plotted as functions of 
the diameter of the pipe, as shown in Fig. 4; two lines were then 
drawn so as to represent, as nearly as possible in each case, the 
average value of k and the average value of n. 
'l'he equation of the line representing the average value of 
k is: k=.00685d-1•275 ; the equation of the line representing the 
average value of n is: n=l.79d-·04 ; consequently the general 
equation for the friction head of water in one foot of clean black 
standard pipe is 
1
v1.19d -04 
h--:--.0068:i dt.m 
when the temperature of the water is about 70 degrees F. and 
when the size of the pipe and the velocity of the water do not 
differ materially from those used in these experiments. 
This formula may be simplified by substituting an average 
value for n and is, in that case, 
vl ,77 -
h=.00685 (p.m (Eq. 66.) 
In these formulas 
v=velocity of water in feet per second, 
d=internal diameter of pipe in inches, 
h=friction head of water, per foot of pipe, expressed in 
feet of water of the same density as that which 
flows through the pipe. 
B. The friction of water in new galvanized iron pipe. 
The experiments to determine the friction of water in new 
galvanized ~ron pipe were made with 1, 11/t and 11/2 inch pipe;-
the method was similar to that described above for black pipe. 
In the case of the ll;{i. inch galvanized iron pipe, the same ar-
rangement of pipes and fittings was used to connect tanks B 
and G which had been used in the test of the 11,4 inch black pipe; 
the only difference in the two connecting pipe lines was that in 
one case two joints of black pipe were used and in the other case 
two joints of galvanized iron pipe. The 11,4 inch galvanized 
iron pipe was tested immediately after the 11,4 inch black pipe 
had been tested. 
In the test of the 11,4 inch black pipe, the observed friction 
heads, recorded In Table 7, represent (a) the fri ction head due 
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to the 41.07 feet of 11;4 inch pipe; ( b) the friction head due to 
the additional piping ,and fittings in the line connecting the two 
tanks; ( c) the friction head due to the outlet of the tank B and 
the inlet of the tank C. 
I terns b and c were exactly the same in the test of the gal-
vanized iron pipe as in the test of the black pipe for the same 
velocities; they were grouped together as a "constant" friction 
head. 
Having determined the friction head due to one foot of 11;4 
inch black pipe (Eq. 12), the friction head due to 41.07 feet was 
calculated and deducted from the total pressure heads recorded 
in Table 7 ; the remainders were the "eonstnnt" friction heads 
referred to above as items b and c . 
• 
The 11.4 inch galvanized iron pipe was then tested in 1 he same 
manner as the 11.4 inch black pi pr ; the ohser\'cd data arc shown 
in Table 18. 
From the friction heads shown in this table the "constant" 
friction heads, as calculated from the 114 ineh black pipe test, 
we~e deducted and the remainders divided by 41.3-15. the total 
length, in feet, of the two joints of galvanized iron pipe ; the 
se\'eral quotients represented the respective friction heads in 
one foot of 114 inch galvanized iron pipe. 
These values were plotted in Fig. 3 and Line 38 drawn through 
the same ; from fhis lin e Eq. 28 was clctermincd as reeo 1·d(~d nnder 
Table 18. 
In a similar way the 1 inch and 11/:.! inf'h l{ahanized i l'Oll pipes 
were tested and the results reeorded in Tables 17 and HJ. The 
corresponding lines, 26 and 30, in Fig. 3 were drawn, and Eqs. 26 
and 30 determined and recorded under Tables 17 and 19. 
'l'he values of k and n of Eqs. 26, 28, and 30 are shown in 
Fig. 4 for comparison with those for new black pipe. 
C. The friction of water in used pipe. 
In designing a heating system it is necessary to take into ac-
count the condition of the pipes after the system has been in use 
for some time; it is therefore important to know how the friction 
head in a pipe is affected by the incrustation which occurs in 
pipes during their use as parts of hot water heating systems. 
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To get some idea of the changes in the friction factors with 
the use of the pipe, a 11/z inch galvanized iron pipe, 36.46 feet 
long, was taken ·out of the hot water heating system of the Uni-
versity green house where it had been in continuous use for about 
seven years. 
This pipe was tested in the same manner as the 11/2 inch new 
galvanized iron pipe; the observed data are recorded in Tablt: 
20; the friction head for one foot of this pipe is shown by Line 
32 of Fig. 3, and by Eq. 32 under Table 20. 
The incrustation on the interior surface of the pipe was suffi-
cient to decrease the average internal diameter of the pipe ahout 
11100 inch. 
A comparison of Eqs. 32 and 30 shows that the coefficient of 
v is a bout 17 % greater in the case of the used pipe than in the 
case of the new pipe and that the exponent is about 6% greater. 
For comparison with other pipes, the values of k and n of Eq. 
32 are shown in Fig. 4. 
D. The friction of water in standard black couplings. 
A line of pipe is made up by attaching the several joints of 
pipe to each other by means of screwed couplings. . 
To calculate the friction head due to such a line it is neces-
sary to know the friction head due to one foot of the pipe and 
also that due to one coupling, unless the friction head due to such 
a coupling is so small as to be negligible. 
To determine the friction head due to such couplings experi-
ments were made with % inch and 1 inch couplings, in con-
nection with the tests made on 3/1 inch and 1 inch pipe accor<l-
ing to the following method : 
After the tests of the % inch pipe had been completed as 
shown by Table 3, the two joints of % inch pipe were cut, each 
into five parts of approximately equal lengths ; the sixteen cut 
ends were well r eamed and threaded and connected by means 
of eight couplings; the pipe line connecting the tanks B and C 
was then exactly like the one which gave the results shown in 
Table 3 except that eight couplings had been introduced into the 
line and the length of the line increased slightly by these eight 
eouplings. 
The test was then conducted as before and the results recorded 
in Table 22. The differences between the friction heads found 
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from Table 3 and those found from Table 22, for the same ve-
locities, divided by eight are the friction heads due to one % 
inch coupling; these values were plotted in Fig. 5, Line 36; 
Eq. 36 was determined from the line and recorded under 
Table 22. 
In a similar way the friction heads due to one 1 inch coupling 
were found and plotted as Line 40 in Fig. 5; Eq. 40 was deter-
mined from the line and recorded under Table 24. 
Comparing Eq. 36 with Eq. 6, and Eq. 40 with Eq. 9it appears 
that. for a velocity of one foot per second, the friction head in a 
% inch coupling is one-sixth as large as that in one foot of % 
inch pipe, and the friction head in a 1 inch coupling is one-
tenth as large as that in one foot of 1 inch pipe; also that, as 
the velocity of the water increases, the friction head in a coupling 
increases less rapidly than that in a straight pipe. 
E. The friction of water due to the burrs left by the ordinary 
pipe cutter in unreamed pipes. 
Specifications for' water and steam piping generally require 
all pipes to be reamed, but this sprcification is not always com-
plied with and it is of value to know what additional friction 
is produced by the burrs in unreamed pipe. 
To determine this additional friction, the ten pieces of % inch 
pipe connected by means of eight couplings, as described above 
for the test to determine the friction due to the eight couplings, 
were tested before the ends had been reamed and the results 
found recorded in Table 21. The differences between the fric-
tion heads found from Table 21 and those found from Table 22, 
for the same velocities, divided by five, are the friction heads due 
to one pair of burrs for the respective velocities. These results 
were plotted in Fig. 6 and Line 35 drawn through the same; 
from this line Eq. 35 was determined as recorded under Table 22. 
In the same manner the friction heads due to a pair of burrs 
in a 1 inch pipe were found and represented by Line 39 in Fig. 
6 and by Eq. 39, recorded under Table 24. 
From Eqs. 39 and 35 it appears that the injurious effect of 
failing to ream. the ends of pipes is much more serious in the 
case of small pipes than in the case of larger pipes. 
A comparison of Eq. 35 with Eq. 6 shows that the injurious 
effect of the burrs in a % inch pipe decreases with the velocity 
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of the water and that for a velocity of 1 foot per second the 
friction due to a pair of burrs is equal to that due to 1.2 feet 
-Of % inch pipe. 
A comparison of Eq. 39 with Eq. 9 shows that the injurious 
effect of the burrs in a 1 inch pipe increases with the velocity 
-0f the water and that for _a velocity of one foot per second the 
friction due to a pair of burrs is equal to that due to 7 / 10 feet 
of 1 inch pipe. 
Since the effect of the burr depends largely upon the condition 
of the pipe cutter and upon the method of using the same it was 
not considered necessary to extena this investiiration to other 
· , 
sizes of pipe. 
F. Friction of water di1 e to a standard short-radi"lts, .90 degree 
elbow. 
Fig. 1 shows the arrangement of the piping connecting the 
tanks B and C which was used to find the friction heads due 
to eight 11,4 inch elbows; the ten pieces of 11,4 inch pipe which 
are connected by means of the eight elbows were cut from the 
two joints of pipe which had bern l1sed to find the friction heads 
in one foot of pipe as shown by the data of Table 7. 
The combination in Fig. 1 was tested as described ahove and 
the data collected recorded in Table 31. 
The differences between the friction heads determined from 
Table 31 and those determined from Table 7, for the same ve-
locities, divided by eight are the friction heads due to one 114 
inch elbow for the respective velocities. 
The friction heads due to one elbow as determined in this 
manner consist of the friction head due to the increased length 
of the pipe line due to the elbow, to the change of direction of 
the flow of the water, and to the change of sectional area of the 
conduit. In order to be better able to compare the friction heads 
clue to a short radius elbow with those clue to a long radius elbow, 
the friction heads, as found above for one elbow, were reduced 
by deducting the friction heads due to the increase in length 
of the piping due to the elbow. For example, in the case of a 
11,4 inch short radius elbow the distance from the end of one pipe 
to the point of intersection of the center lines of the pipes con-
nected by the elbow, and from that point to the end of the otbet· 
pipe was .208 feet; the friction heads due to a straight pipe of 
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that length, for the several velocities, were deducted from the 
friction heads as found above and the differences recorded as the 
friction heads due to one elbow. 
These values were plotted in Fig. 7 and a line drawn through 
the points and marked 11;4 inches; from this line Eq. 54 was de-
termined and recorded under Table 31. 
In this manner the friction heads due to l/z, %, 1, 11/i, 11h, 
2, and 21/2 inch short radius elbows were found and represented 
by the respective lines in Fig. 7 and by ·Eqs. 42, 44, 46, 54, 4S, 
50, and 52, recorded under Tables 25, 26, 27, 31, 28, 29, and 30, 
respectively; these several tables contain the obsened data of 
the tests of eight elbows in every case. 
'rhe friction due to an elbow may be represented by the ex-
pression k vn, in the same manner as that of a straight pipe; 
this was done and the values of k and n for the different size;; 
plotted in Fig. 8, as functions of the internal diameter of the 
pipe which fits the elbow. 
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The values of k and n, as plotted in Fig. 8, do not fall as 
nearly on straight lines as do those for the straight pipe; this 
might be expected because there is not absolute regularity in 
the change of the shape of the different elbows nor in the dis-
tances to which the several pipes are screwed into the elbows ; 
there seemed, however, to be a gradual change in the values of 
k and n, so two lines were drawn to represent, as nearly as 
possible, the average values of those functions. 
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The equations of the two lines, as drawn in Fig. 8, are 
n=l.96, 
k= .0141 d-0 ·26 ; 
consequently, the general equation for the friction heads of water 
in 'one standard, black, short radius, 90 degree elbow, as shown 
at B, Fig. 9, is 
(Eq.67). 
·when the temperature of the water is about 70° F., and when 
the elbow sizes and the velocity of the water do not differ ma-
:F'ig. 9 
terially from those used in these experiments. 
In this formula 
v=velocity of water in feet per second, 
d=internal diametel', in inches, of the pipe which fits 
the elbow, 
h= the friction head of water in one elbow, expressed in 
ff'rt of watf'r of the same den.c;it~' as that which 
fiows through the elbow. 
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It is sometimes convenient to compare the friction heads due 
to one elbow with ·that due to a straight pipe of a certain length. 
This can be easily done by comparing Eqs. 66 and 67; in 
this manner Fig. 10 was prepared, to show the number of feet 
of straight pipe which, at the different velocities, have the same 
friction heads as one elbow. 
From this diagram it is apparent that, for the sizes and veloci-
ties represented, the friction in one elbow is equal to the friction 
in a straight pipe of corresponding size if the length of the pipe 
is from 20 to 30 times its own diameter. 
G. The difj'erence in the friction of water in drainage and ord-
inary elbows, and in short and long radius elbows. 
The difference between the friction of water in ordinary and 
in drainage elbows, and the difference between that in short 
radius and long radius elbows was determined by testing the 
five types of ll;-4, inch elbows shown in Fig. 9. 
In this figure 
B is the ordinary short radius elbow, 
A is the ordinary long radius elbow, 
D is a short radius drainage elbow, 
C is a long radius drainage elbow, 
E is a long radius drainage elbow of a different type. 
The tests were made, in every case, as described aboYe for the 
short radius, 90 degree elbow, and included, in every case, eight 
elbows. 
The results of these tests are shown 
For elbow A, in TaLle 32, by Line 56 in Fig. 11, and by 
Eq. 56 under Table 32; 
For elbow B, in Table 31, by Line 54 in Fig. 11, and by 
Eq. 54 under Table 31; 
For elbow 0, in Table 34, by Line 60 in Fig. 11, and by 
Eq. 60 under Table 34; . 
For elbow D, in Table 33, by Line 58 in Fig. 11, and by 
Eq. 58 under Table 33; 
For elbow E, in Table 35, by Line 62 in Fig. 11, and by 
Eq. 62 under Table 35. 
A comparison of these lines and equat1ons shows that the 
friction of water in drainage elbows is greater than that in ord-
inary elbows ; that the fri ction in short radius elbows is greater 
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than in long radius elbows and that this difference varies consid-
erably with the velocity of the water in the case of ordinary 
elhows and ·only slightly in the · case of drainage elbows; that 
the friction in short radius ordinary elbows is about the same 
.as that in long radius drainage elbows, in the case of the 11;4 
inch elbows tested in these experiments. 
H. The effect of temperafore on the fri ction of the water in 
pipes and fittings. 
By using water of different temperatures in the apparatus 
employed for the tests described above, the effect of the tem-
perature of the water on the friction of water in pipes and 
fittings was studied. 
The temperatnre of the water was regulated by allowing vary- . 
ing proportions of cold and hot water to flow into the tank A; 
temperature readings were taken continuously of the water in 
the upper portions of the tanks B and 0, at the outlet of the 
tank B, and at the inlet of the tank C; the average values of 
these readings are shown in Fig. 12. 
) E.X~IME:NT.!1 5 EXPERIMENT~ 
Avi::R.-.GE: ~M~RATURE!> 
Fig.12 
The p1·rssure heads WN'e found by measuring the elevation 
of the water in the two tanks ahoYe that of the horizontal pipe 
connecting the tanks, and calculating the weight of each column 
of water at its respective, average temperature; the difference 
in weight, of these two columns of water, expressed in feet of 
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water of the average temperature of that flowing through the 
pipe, was the corresponding pressure head. 
Three sets of tests were made; in each test the temperature of 
the water was kept as nearly constant as possible, at 70 degreeil, 
100 degrees, and 140 degrees, respectively. 
The results of these tests are recorded in Tables 36, 37, and 38, 
and plotted in Fig. 13. 
The results of these tests are perhaps not quite as uniform 
as might be secured; and it is desirable to repeat them, making 
a larger number of tests, and covering a wider range of tem-
perature. 
From the results obtained it was not quite certain whether the 
three lines shown in Fig. 13 should be parallel ; they were drawn 
parallel because that seemed to give a good average value in 
each case. The equations determined from these lines· are shown 
under Tables 36, 37, 38, as Eqs. 63, 64, and 65. 
These equations do not represent the friction in one foot of 
pipe or in one elbow, but in the entire combination of pipes and 
fittings shown in Fig. 1, except that % inch pipe was used so as 
to increase the velocity in the pipe and reduce the drop in tem-
perature in the pipe. 
If it is correct to draw the lines, shown in Fig. 13, parallel, 
the effect of a change in the temperature .of the water on the 
general equation, h=kvn, of the friction of water in pipes or 
elbows is to change the value of k and not the value of n. 
The three lines of Fig. 13, representing 70 degrees, 100 degrees, 
and 140 degrees, respectively, intersect the 1 foot velocity line at 
.670, .623, and .587. 
The value of k in the general expression of the friction in a 
straight pipe (Eq. 66) is .00685 for a temperature of 70 degrees; 
for temperatures of 100 degrees and 140 deg rees this would 
become .00637 and .00600 respectively, if changed in the ratios 
expressed by the numbers .670, .623, and .587. 
By plotting the values .00685, .00600, and .00637 as functions 
of the temperature, expressed in Fahrenheit degrees, the line T'I' 
" ·as found; its equation is k=.01533t-· 10, consequently, the gen-
eral equation for the friction of water in new, clean, black stand-
. ard pipe is 
,....~~~~~~~~--~~~~~~~--
.01533 v'·" 
h=---,,..---,~ t-'9 dl.27" (Eq. 68 ) 
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In' this equation 
h=friction head in one foot of pipe, expressed in feet oJ' 
1rnter of t he same density as that which flows 
through the pipe, 
v=velocity of the water in feet per second, 
t=temperature of water in Fahrenheit degrees, 
d=internal diameter of the pipe in inches. 
GENERAL RK\fARKS 
The experimental investigation described above was begun in 
the fall of 1916 : the actual execution of the experiments was in 
the hands of Miss Nellie Jefferson, B. S. in Architecture. 
To a certain extent this investigation was a continuation and 
expansion of a study of the frirtion of water in standard gal-
vanized ir.on pipe made by the writer in 1911-12. 
The principal resnlts of the earlier i1westigation "·ere pub-
lished in Domestic Engineering, November 12, 1912; to compare 
them with those of the experiments described in this bulletin 
the values of k and n, in the expr ession h= k vn, for %, 1, 1114, 
11;2, and 2 inch pipe, as published in Domestic Engineering, 
were shown in Fig. 4 and that figure reproduced below as Fig. 14. 
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'!'ABLE 1. 
Observed values In testin&' a pipe line composed of 40.88 feet of 'Ai-Inch black pipe 
and constants. 
Time Head Wel&'ht Temp. Diameter VelocltJ 
Mln.-Sec. Ft. Lbs. F. Inches. Ft. per Sec. 
&-00 .0100 3.0 67 .6055 .05()1 
5-00 .0'230 4.5 67 .6055 \ .1201 
5--00 .0550 10.0 67 .6055 .?.670 
5-00 .0765 12.5 67 .6055 .3340 
5-00 .1010 16.0 67 .6055 .4270 
5-00 .1635 18.0 67 .i055 .4810 
5--00 .3020 25.5 67 .6055 .6810 
5-00 .4165 so.o 67 .6055 .8'.110 
5--00 .7310 41.0 67 .6055 1.()960 
Equation representing the friction heart for this pipe line: 
h = .623v' · • 32 ---------------------------------------------------------------- (1) 
l'ABLE 2. 
Observed values in testing a pipe line composed of 16 .352 feet of ¥..-Inch black 
pipe and constants: 
Tit.u. Head Weli:ht Temp. Diameter Velocity 
Mln.-Sec. Ft. Lbs. F. Inches. Ft. per Sec. 
--
5-00 .0060 3.0 64.4 .6055 .18'.>1 
5-00 .0130 5.5 64.4 .6055 .1468 
5-00 .0225 8.5 64.4 .6055 .2270 
5-00 .0630 17.0 64.4 .6055 .4540 
5-00 .3340 42.0 64.4 .6065 1.1220 
5--00 .6275 58.0 64.4 .6055 1.5490 
5-00 1.4100 89.0 64.4 .6055 2.3750 
Equation representing the friction head for this pipe line: 
h = .271 v1 • • 0 ------------- ---------- - ----------- ---------------------------------- (2) Equation representing the friction head due to 1 foot of 'Ai-Inch black pipe. (From 
Eqs. 1 and 2): 
h = .014335v1 • 770 --------------------------------------------------------------- (S) 
TABLE 3. 
Observed values In testing a pipe line composed of 39. 76 feet of %.-Inch black plpa 
and constants: 
'.rime Head Weli:ht remp. Diameter VelocltJ 
Mln.-Sec. Ft. Lbs. F. Inches. Ft. per Sec. 
5-00 .0060 4.5 66 .8175 .0661 
5-00 .0143 8.5 66 .8175 .1248 
5-00 .0713 27.0 '66 .8175 .3968 
5-00 .1580 40.5 66 .8175 .5950 
5-00 .1585 39.5 
I 
66 .8175 .5810 
5-00 .3145 58.5 66 .8175 .8580 
5-00 .9150 105.0 66 .8175 1.5500 
5-00 2.0200 163 .25 66 .8175 2.4000 
Equation representing the friction head for this pipe line: 
h =. 417v' · • 0 • __ __ _ ------ ---------------- ------------------------------------------ (4) 
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TABLE 4. 
ObserYed values in testing a pipe line composed of 15.904 feet of %·Inch blank plpa · 
and constants: 
Time Head Weight Temp. Diameter Velocity 
Mln.-Sec. Ft. Lbs. F. Inches. Ft. per Sec. 
l'HlO .0040 5.0 67 .8175 .0734 
5-00 .0058 6.5 67 .8175 .0955 
5-00 .0100 10.5 67 .8175 .1543 
5-00 .0160 15.5 67 .8176 .2276 
5-00 .0810 39.5 67 .8176 .6800 
5-00 .1740 / 61.0 67 .8175 .8960 5-00 ' .7600 137.5 67 .81V5 2.0200 
Equation representing the friction head for this pipe line: 
h = .213v1: 1oa --------- ------------ ------ ------------------------------------------ (5) 
Equation representing the friction head due to 1 foot of %·inch black pipe. (From 
Eqs . 4 and 5): 
h =. 00855v' · 8i2 _____ - - -------- ------------------------------------------------------ (6) 
TABLE 5. 
Obsen·ed values in testing a pipe line composed of 41.4 feet of I-Inch black plpa 
and constants: 
Time Head Weight' Temp. D!amete1 Velocity 
Min .-Sec. Ft. Lbs. F. Inches. Ft. per Sec. 
5-00 .. 0030 7.00 64 1.06 .0612 
5-00 .0080 14.00 64 1.06 .1224 
5-00 .0205 25.75 64 1.06 .2248 
5-00 .0645. 46 .00 64 1.06 .4020 
5--00 .1780 80.75 64 1.06 .7050 
5-00 1.10·10 222.00 64 1.06 1.9380 
Equation representing the friction head for this pipe line: 
h = . 337v1 8oo --------------~"------------------- ----------- ----------- -------------- (7) 
TABLE 6. 
Observed values in testing a pipe line composed of 8.28 feet of 1-lnch black pipe 
and constants: 
T 
Min 
ime 
.-Sec . 
5-00 
5-01 
5-00 
5-00 
5-00 
5-00 
5-00 
5-00 
Head 
Ft. 
.0017 
.0031 . 
.0095 
.0170 
.O'l65 
.0750 
.3465 
1.0590 
Weight Temp. Diameter 
Lbs. F. Inches. 
8.0 64 1.06 
12.() 64 1.00 
~7.0 64 1.06 
39.0 64 1.06 
49.0 64 1.06 
88.0 64 
' 
1.06 
200.5 64 1.06 
&60.0 64 1.06 
Equation representing the friction head for this pipe line: 
Velocity 
Ft. per Sec. 
.0699 
.1043 
.2860 
.3406 
.4280 
.7680 
1.7520 
8.1450 
h = .126v1·8• __ _____ ------------ ---------- ------------------------------------------ (8) 
Equation representing the friction head due to 1 foot of I-Inch black pipe. (From 
Eqs. 7 and 8): 
h =. 006371 v1 • 77<7 --------- ------------ ------ ----------------------- ·- .. -- ··---------- (9) 
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TABLE 7. 
Observed values in testing a pipe line composed of 41.07 feet of 1%-lncb black pipit 
and constants: 
r.rirne Head Weight Temp. Diameter Velocity 
Min.-Sec. Ft. Lbs. F. Inches. Ft. per Sec. 
&-00 .0060 J.9.5 65 1.361 .1000 
5-00 .0037 13.5 651 1.361 .9714 
5--00 .0100 29.0 75 1.361 .1531 
5-00 .0165 43.0 65 1.361 .2270 
5--00 .045(> i0.5 65 1.361 .3725 
5-00 .1135 118.5 65 1.361 .6260 
5-00 .6135 800.5 65 1.361 1.5900 
5-00 1.0960 410.5 65 1.361 2.1700 
Equation representing the friction bead for this pipe line: 
h = .2695v"" 
- ---------- -- -- -- -- -- ---- -- -- -- -------- ----------- -------------------
(10) 
TABLE 8. 
Obscrvecl values in testing a pipe line composed of i6 feet of 1%-lnch black p!pe-
and constants: 
r.rime Head 'weight Temp. Diameter Velocity 
Min .-Sec. Ft. Lbs. F. Inches. Ft. per Sec. 
5-00 .0015 12.00 66 1.361 .0635 
5-00 .0040 23.25 66 1.361 .1229 
5-00 .0045 25.50 66 1.361 .1348 
5-00 .0105 44.00 66 1.361 .2325 
5-00 .0250 71.00 66 1.361 .3750 
5-00 .0705 125.50 66 1.361 .6740 
5-00 .2175 231.00 66 1.361 1.2210 
5-00 .7450 447 .00 66 1.361 2.3600 
Eqnation representing the friction head for this pipe line: 
h = . l 523v1 · B6 ----- ------ ____ ------ --- - -------------- ---- -- ---------- ------------ --- (11} -
E"quation representing the friction head due to l foot of 114-lnch ·black pipe. (From 
F.qs. 10 and 11): · 
h = . 004-075vJ . 756 - ---------- ------ ---- - ----------- -- ------- --- ---------------------- (12) 
TABLE 9. 
Observed values in testing a pipe line composed of 42.59 feet of l'h-inch black pipe 
and constants: 
Time Head Weight Temp. Diameter Velocity 
Min .- Sec. Ft. , J ,bs. F. Inches. Ft. per Sec . 
----- - -
0--00 .00'10 13.50 66 1.615 .0510 
o- OO , .0040 24.25 66 J .615 .0917 
5-00 .0050 ~l .00 611 1.6rn .1170 
C-llO .0090 91 .00 118 1.61fi .07Q!'i 
0--00 .0160 65.50 67 1.615 .2470 
o- M .0165 ~6.00 66 l .615 .2519 
.1- 00 .l'A25 rnS.50 67 1.615 .!5290 
!"-00 .1780 247 .00 67 1.615 .~20 
!)- 00 .4210 3!16 .()() 67 1.&15 1.4920 
E~nntion representing the friction head for this pipe line: 
h = .20Ivl ·813 
----- -- ---- ---- -- -- -- --··------ ----------- -- -- ------------ -- -----------
(13) 
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'l'ABLE 10. 
Observed values In testing a pipe line composed o1 17 .006 teet o1 l'iii·lnch black pipe 
and ron~tants: 
----
'fimc Head Wei11hi 'l'emp. Diameter Velocltll 
Mln.- l:!ec. Ft. Lbs. F. lnehes. Ft, per Sec. 
5-00 .0030 29.0 67 1.615 .1000 
5-00 .0003 31.0 111 1.615 .1166 
5-00 
I 
•• 0075 04.5 67 1.615 ,206() 
5-00 .0065 140.0 67 1.615 .6260 
5-00 .0890 229.0 67 1.615 .8620 
5-00 .1415 294.0 67 1.615 1.1060 
4-00 .3400 886.76 66 1.616 1.8800 
4-00 I .5.'lOO 483.00 . 66 1.615' 2.2700 
Equation representing 'the friction head tor this pipe line: 
h = .1185v1 811 ----------------- --------··------------------------------------------- '14) Equation representing the friction head due to 1 toot of l'iii·lnch black pipe. (From 
Eqs. 13 and 14) : 
h = .003228v' ·' 008 --------------- - - -- ------------------- -------- ------------ ------- (15) 
TABLE 11. 
Observed values In testtni: a pipe line composed of 41.84 feet of 2-lnch black pipe 
and ronstants: 
··~ Min me .- Sec. 
5-00 
5-00 
5-00 
[;-00 
5-00 
5-00 
4-30 
3-30 
HeBd 
Ft. 
.0095 
I .0265 .0475 
.0795 
.1460 
.1800 
.3155 
.5050 
hen,..., .. Temp. Dlamete1 
Lbs. F. Inches. 
75.00 71 2.044 
138.00 71 2.044 
195.00 71 2.044 
256.00 71 2.044 
358.00 71 2.044 
401.00 71 2.044 
492.50 71 2.044 
493.00 71 2.044 
Equntloo represen ting tne friction head tor th:s pipe line: 
VeloeltJ' 
Ft. per Seo-
.1756 
.3235 
.4570 
.6000 
.8890 
9400 
1.2860 
1.6540 
h = . ?.01 v' · ••• ---··- ------------------------------------ ------ ------ ----------------- (16) 
TABLE 12. 
Observed values h testing a pipe line composed of 16.15 feet of 2-ln~h black pipe 
1'nd constants: 
-, 
'l'ime I H <:1l(l · Weight Temp Diameter Velocity Mln. -Sec. Ft . Lbs. F. Inches. Ft. per Sec. 
----
!)-00 
I 
.0025 47 .0 72 2.044 .1101 
5-00 .0075 88.0 72 2.044 • 2000 
5-00 .0070 88.5 72 2.044 .2075 
:l-00 .0133 124.5 72 2.044 .2915 
5-00 .0278 181.5 72 2.044 .4260 
!)-()() .0525 257.0 72 "2.0f4 .6025 
5-00 .0755 312.5 72 2.0f4 .7330 
o-oo .lOf,() 374.0 72 2.044 .8760 
!>-00 .1965 520.75 72 2.044 1.2210 
3-30 .3675 ii06.5 70 2.0f4 l.fllB> 
2-50 .5945 528.0 70 2.044 2.1850 
Equation representing tl\e friction head tor this pipe line: 
h = .136v1 ;8• ------ ----------------------------------------- - ---------------------- (17) Equation representing the friction head due to 1 toot of 2-lnch black pipe. (From 
.EQS. f,6= ~~5J~l : .., 87 ---------------------------------------------------------·--------- (18) 
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TABLE 13. 
Observed values in testing a pipe line composed of 36.06 feet of 2¥..-lnch black pipe 
and constants: 
Time i Head Wel1rht Temp. Diameter' Velocity 
Mfn.-Sec. Ft. Lilli. F. Inches. Ft. per Sec. 
___ .:c____ 
5--00 .006 49.0 69 2.48 .<>'765 
5-00 .()()9 89.5 69 2.4S .1455 
5-00 .0'24 165.5 69 2.48 .2638 
5--00 .041 223.0 69 2.48 .3560 
5-00 .068 ?69.5 69 2.48 .4295 
5-00 .0995 359 .5 69 2.48 .5730 
&-00 .1450 141.0 69 2 .48 .7030 
HJ() 
.300 525.~ 69 2.48 1.0480 
3-00 .518 526 .0 69 2.48 1.4000 
-
Equation representing the friction head for this pipe line: 
h = .278v' ..... 
--- -- -- -- -- ------ ------ ------------ -- --------------- ---------- -··-----
(111) 
TABLE 14. 
Observed values in teEtln&' a pipe line composed of 10 feet of 2'h·lnch black pipe 
and constants: 
Time Head Wel1rhi Temp Diameter Velocity 
Min.-Sec. Ft . Lbs. F. Inches. Ft. per Sec. 
I 
5-00 .0035 63.0 70 2.48 .1004 
5-<Mt .0085 104.5 70 2.48 .1667 
5-00 .0170 161.5 70 2.48 .2575 
5-00 .0360 242 5 70 2.48 .3870 
5-00 .0495 '186 .5 70 2.48 .4570 
5-00 .0765 364.0 70 2.48 .5800 
5-00 .1365 495.5 70 2.48 .7900 
3-30 .2690 496.5 70 2.48 1.1300 
3-00 .3630 496.0 70 2.48 1.3190 
Equation representing the friction bead for this pipe line: 
h = . 212v' · "' _________ ------ ________________ ------------------------ ----------------- (20) 
Equation represen ting the friction head due to 1 foot of 2¥..-inch black pipe. (From 
Eqs. 19 and 20): • 
h = .00'253v 1 • 7 36 -------- - -- -- ---- -- -------------- - -- - ------------------- ----------- (21) 
TABLE 15. 
Observed values in testing a pipe line composed of 30.5 feet of 3·1nch black pipe 
and constants: 
rrime Head Weight Temp. Diameter I Velocity 
Min.-Sec. Ft. Lbs. F. Inc bes. Ft . per Sec. 
-------
-------------
5-00 .0220 186.0 71 3.062 .1940 
5-00 .()366 244.0 71 3.062 .2545 
5-00 .Q!i.50 •)35.0 71 3.062 .3495 
5-00 .0925 405.5 71 3.002 .4225 
4-50 .15."D 521.5 71 3.062 .5630 
4--00 .2070 1!)2.5 71 3.062 .6430 
3- 30 .2570 482.5 71 3 .062 .7200 
3-30 .2870 514.0 71 3.062 .7650 
3-00 .33W 472.0 71 3 .062 .8210 
2-50 . .4200 508.0 71 3.062 c .9360 
2-40 .4700 003.5 71 3.062 .9840 
------
Equation representing the friction head for this pipe line: 
h = .487vt·96 
--- -- -- ---- -- ------ ----- ------ ---- -- -- -- -- -- -- -- ----------------------
(22) 
. 
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TABLE 16. 
Ob•erved values In testing a pipe line composed of 9.43 feet of ~Inch black pipe 
and constants: 
Time Head Weight •.remp. Dlamete1 V&loclty 
Mln.-Sec. Ft. Lbs. F. Inches. Ft. per See. 
5-00 .0215 192.0 72 3.062 .2006 
5-00 .0090 267.5 72 3.062 .2700 
5-00 .~545 321.0 . 72 3.062 .3850 
5-00 .1005 444.0 72 3.062 .4630 
4-10 .1765 495.0 72 3.062 .6200 
3-30 .2620 497.0 72 3.062 .7420 
3--00 .3140 476.0 72 3.062 .8'l90 
2-50 • 4()6() 516.0 72 3.062 .9520 
2-40 .4540 512.0 72 3.062 1.0031) 
Equation representing the friction head for this pipe line: 
h = .452v 1 • •• _________ ---- ---------------- ------ ------------------------ --------- •• (23) 
F.qnatlon representing the friction head due to 1 foot of 3-lnch black pipe. <From 
F.qs. 22 and 23): 
h = .00166\'1 • 670 --- ------ -- ------ -------------- -----------·---- -------------- -•---C. (24) 
TABLE 17. 
Observed values In testing a pipe line composed of 41.88 feet of l·iuch gal\·anlzed 
iron pipe and constants: 
'l~me Jfcnd· Weight Tem1 Diameter Velocity 
Mln. -Sec . Ft. Lbs. F. Inches. Ft. per Sec. 
5-00 .0160 20.5 66 1.06 .1790 
5-00 .0200 30.0 66 1.06 .2620 
5-00 .1090 59.5 66 1.06 .5200 
5-00 .7325 164.5 66 1.06 1.4880 
Equation representing the friction head for this pipe lfne: 
h = . 3700V' •• _ ---- __ -- ---------- -------- ------ -- ------ ------------ __ -- - - ---- ------- (25) 
E<1un t Ion repre•ent"1g the . friction head due to 1 foot of 1-lnch gulvanlzed iron 
pipP. <From Eqs. 26, 7, and 9): 
h - .0071008V 1 • ••• _ ---- ------ ---- ---- ---------- ---- ---------- ------------ ----------- (26) 
TABLE 18. 
Ob,en·rrl vnlu" in testing a pipe line composed of 41.245 feet of Hi ·fnch vah·anlzed 
iron 11i1ic and constants: 
Time llcod Weight rremp. Diameter Velocity 
!>lin. - See. Ft. Lbs. F. Inches. Ft . per Sec. 
--- --- ---· 
f>-00 .Q.149 70.5 66 1.385 .3600 
f>- (f() .2084 164.5 65 1.385 .8400 
&-00 .8670 356.0 66 1.385 1.8150 
Eqnntion TPpresenting the friction bead for this pipe line: 
h = .2895V' · •3 ----------------------- -- -------------------------------- ·---- --- --- - - (27) 
F.quntion rcpre~enting> the friction head due to 1 foot of 1%-lnch galvanized iron 
pipe. (From Eqs . 27, 10, and 12): 
h = .005139V' ·1•• -----------------------· ------------------------------ ·------------ (28) 
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TABLE 19. 
Observed values in testln1r a p1pa line composed ,,f :HI. 7~ feet of 11,2-lneb 1r11lvanized 
1ron pipe and constants: 
'.rime Head Wel1rbt* Temp. Diameter Velocity 
.Min.-See. Ft. Lbs. F. Inches. Ft. per See. 
---~ 
!HJ() .0460• llS.5 69 1.626 .4400 
!HJ() .122() 2()5,.5 (AJ 1.62.6 .7010 
5-00 .1315 21'.(I 69 1.626 .7960 
&-00 .2560 309.0 t'.J 1.626 1.1470 
5-00 .2725 319.5 n 1.826 1.1800 
&-00 .3625 374.0 71 1.626 1.38.-.0 
!HJ() .5520 473.5 69 J.626 1.7500 
Equation representing the friction bead · for this pipe line: 
b = .1975V1 •81 --------- --------------------------------------------------- .•. ------ (29) Equation representin1r the friction head due to 1 foot of 1¥..-ineh galvanized iron 
"Pipe. (From Eqs. 29, 13, 11nd 15): 
h = .003873V1 •111• ---------------------------------------------- ·- ·----------- ----- (80) 
TABLE 20. 
Observed values in testin1r a pipe line composed of 36.46 feet of 1¥..-inch galvanized 
iron pipe and constants. (Pipe used In 1rreenbouse about seven years): 
'rime Head Wei1rht Temp. Diamete1 Veloeit> 
Min.- See .• Ft. Lbs. F. Inches . Ft. per See. 
5-00 .0145 62.5 69 1.6 .23!'8 
&-00 .0'280 89.5 69 1.6 .3432 
&-00 .ceoo 156.5 69 1.6 .6001 
&-00 .1695 234.5 69 1.6 .9000 
!HJ() .3245 331.5 69 1.6 1.2710 
5-00 .6040 400.5 69 1.6 1.7620 
4- 30 .8670 500.0 :;. 1.6 2.1320 4--00 1.0060 480.0 1.6 2.3000 
4- 00 1.1920 521.0 69 1.6 2.5000 
-----
Equation representing the fri ction bead for this pipe line: -
h = . 2Q7V1 ••• ------- ------ -- ---- -- ------ --------------------------------- - -------- - - (31) 
Equation representing the friction head due to 1 foot of l'h-ineh gah'anlzed iron 
-pipe. (From Eqs . 31, 13, and 15): 
h = .003935V1·•27 --------------------------------------------------- ----- ·- ·- - ------ (32) 
/ 
TABLE 21. 
Oheerved valnes in testing a pipe line composed of 39.76 feet of :;, inrh black pipe, 
8 onuplings, 14 unreamed ends, and constants: 
Time Rend Weight Temp. Diameter Velocity 
l\fln .-Sec . Ft. Lbs . F. Inches. Ft. per Sec. 
--- ----
&-00 .0169 9 .5 IYI .8175 .139'i 
&-00 .2467 45.0 IYI .8175 .6610 
5-00 .6100 76.5 IYI .8175 l.12~0 
&-00 1.3460 121.5 IYI .8175 1.7860 
Eqnatlon !'l'Presentfng the friction head for this pjpe line: 
h = .5002V1: 728 -------- ------ - --------------------------------------- ------------ -- - (:!3) 
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TABLE 22, 
Observed values In testing a pipe line composed of 39. 76 feet of %-Inch black pipe, 
8 coupllnp, and constants: 
Time Head Weight Temp. Diameter Velocity 
Mln.-Sec . Ft. Lbs. F. Inches. Ft. per Sec. 
6-00 .0265 H.O 68 .8175 .2088 
5-00 .1000 81.0 68 .8175 .4560 
5--00 .7160 91.0 68 .8175 1.3380 
5--00 1.1185 116.5 68 .8175 1.7110 
F:quatlon r•1>rei1entlng the friction heRd for this pipe line: 
h = . 42&5V1 .,. -- -----------------------'.------------ -------------------------------- (84} ~atlon representing the friction due to one pair of unreamed ends In a %-Inch 
pipe. (From Eqs . 33 and 34): 
h = .01024V1 • • 15 ___ ---- -- ---- ------ -- ---------- - - -- - - ------------------------------- (35} Equation representing the friction due t-0 one %-l'lch coupling. (From Eqs. s• 
anrl 4): 
h = .001466V1 -1 3 • _ ---- ---- -- ------ ---- ---------- ------- ----- - ----------------------- (all} 
TABLF: 28. 
Ob•ervrrl values In tr•tln!?" a pipe line romposed of 41 .4 feet of I-Inch black pipe. 
8 conplings, 14 unreamed ends, and constants: 
TlfllP Henri I Weight Temp. Diameter Velocity 
Mln .-8<><'. Ft . J,bs. F. Inches. Ft. per Sec. 
---
!l- 00 .m R~ ?2.0 66 1.06 .1920 
!;-0'\ 
.0200 2!1 .0 116 l.08 .2530 
!>-00 .03()6 28.6 66 1.06 ,. .2490 
r.,....oo .0010 52.0 66 1.06 .4540 
5-00 .6720 157.0 66 1.06 1.3720 
Eqnntlon repre,.rntlng the frlrtlon h••d for this pipe line: 
h = . ~74V1 ·1 27 _ .. ____ ---- .. -- -------- ---- ---- -- - -- - -------------------------- ------- (87} 
TABLE 24. 
Oh.oe•,·rrf Yalnrs In t ... tlng a pipe line romposed of 41.4 feet of 1-lnch black pipe, 
I! ronpllng-• . and co1L• tnnts. but no unrenmed ends: 
Time HPlld Weight Temp. Diameter Velocity 
Min.-~. Ft . Lbs. F. Inches. Ft. per Sec. 
- -------
' ~-00 .0026 55 .0 66 1.06 .4810 
!\-00 . 1501 ~a.o 65 1.06 .6375 
~ -Oo .8658 192.5 65 1.06 1.6810 
F:Qnatlon representing the friction hear! for this pipe line: 
h = .342V1. • •• - -- -------- ------ - - -------- ---- ---- --- - -------------- -- --------------- (38} Equation repreo;cntlng the friction due to onr pair of unreamed ends In a I-Inch 
pipe. (From Eqs. 37 and 38): 
h = .004575V2 ·1 •• - ---- -- - --- -- -- ---- -- -------- ---- - - ------------ -------------------- (39) Equation represen ting the friction due to one 1-lncb coupling. (From Eqs . ~ 
and 7): 
h = . 000625V1 ·' •u --------- -------- ---- ------------------ --------------------------- (40} 
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TABLE 25. 
Observed values in testing a pipe line composed of 30 feet of %-inch black pipe, 
8 elbows, and constants: 
Time Head Welirht Temp. Diameter Velocity 
Min.-Sec. Ft. Lbs. F. Inches. Ft. per Sec. 
------
5-00 .2760 27.5 79 .62 .7025 
5--00 .4000 32.0 70 .62 .8170 
5-00 .5770 40.5 79 .62 1.0340 
5-00 .7570 45.5 79 .62 1.1620 
5-00 .9570 53.0 79 .62 1.3530 
5-00 1.1050 56.0 79 .62 1.4300 
5-00 1.5780 67.5 79 .62 1. 7250 
5-00 1.7300 68.0 79 .62 1. 7350 
5-00 1.2780 57.5 79 .62 1.4700 
6-00 2.3800 83.0 79 .62 2.1200 
Equation representing the friction head for this pipe line: 
h =. 56V1 · • 7 _______ -- - --- ____ ---- ------ ---------- _______________________ :___________ ( 41) 
EQuatlon representing the friction due to one 'h·lnch elbow. (From Eqs. 41 
and 3 and 1): 
h =. 0180V 1 • "' 5 _ -------- -------- -------------------- ---------- ----- ----------------- ( ~2) 
TABLE 26. 
Observed values in testing a pipe line composed of 40.l feet of %·inch black pipe, 
8 elbows, and constants: 
'rime Head Weight Temp. Diameter Velocity 
Min.-Sec. Ft. Lbs. F. Inches. Ft. per Sec. 
------
5-00 .1980 41.5 79 .818 .6080 
5-00 .2200 44.0 79 .818 .6450 
5-00 .4280 62.5 79 .818 .9160 
5-00 .6590 79.0 79 .818 1.1580 
5-00 .8800 92.0 79 .818 1.3490 
5-00 1 2400 111.2 79 .818 1.6300 
5-00 1.38.~0 117.0 79 .818 1. 7150 
Equation representing the fri ction head for this pipe line: 
h = . 5075Vl :87 - -- ------ ------ -- -- -------- -------------------- -------- -- ---- -- ------ - ( 43) 
Fqnation representing the friction due to one %-Inch elbow. (From Eqs. 43, 4, 
and 6): 
h = . 01344V1 · S•• --- ---------------- ---- ------ --------------------------------------- ( 44) 
TABLE 27. 
Observed values in testing a pipe line composed of 41.4 feet of 1-lnch black pipe, 
8 elbows, and constants: 
Time Head Weight •.remp. Diameter Velocity 
Min .-Sec. Ft. Lb!!. F. Inches. Ft. per Sec. 
----- ·· 
5- 00 .1587 64.5 64 1.06 .5635 
5-00 .5390 126.0 64 1.06 1.1000 
5-00 1.2420 199.0 64 1.06 1.7400 
Equation representing the friction head for this pipe line: 
h=. 454V1 ·"' __ _ ---- ---------------------------------------------------------------- ( 45) 
Equation representing the friction due to one 1-incb elbow. (From Eqs. 45 and 7): 
h =. 01358V1 • ••• _ ------------- ---------------------------------------------------- ( 46) 
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'.rABLE 28. 
Obsen•ed values In testing a pipe line composed of 42 .59 feet of l'h·inch black pipe, 
8 elbows, and constants: 
Time Head Wel1rht Temp. Diameter Velocity 
Min.-Sec. Ft. Lbs. F. Inches. Ft. per Sec. 
-
5-00 .0815 125.5 
.. 
74 1.615 .4725 
5-00 .2100 212.5 74 1.615 .8()()0 
5-00 .3560 283.0 74 1.615 1.0660 
5-00 .4890 337.0 74 1.615 1.2® 
5-00 .9000 464.0 74, 1.615 1.7450 
4-20 1.3390 495.5 74 1.615 2.1!>20 
Equation representing the friction head for this pipe line: 
h = . 319y1 · ••• ___________ -------- ___ ------ ---------- ---------- ------------ --------- (47) 
Rq1rntlon representing the friction due to one l'h-inch elbow. (From Eqs. 47 
and 13): 
h = . Ol 405V' · 007 • _ -------------- -------------- ______ -----------------------~---- ----- (48) 
TABLE 29. 
Observed values In testing a pip0 line composed of 41.68 feet of 2-inCh black pipe, 
8 elbows, and constants: 
-
Time 1Hend We1ght I Temp. Diameter Velocity Mln.-Sec. Ft. Lbs. F. Inches. Ft. per Sec. 
------- -----
5-00 .1250 267.0 68 2.042 .6020 
5--0Q .2005 345.5 68 2.042 .7780 
5-00 .4460 534.5 
I 
68 2.042 1.2Q20 
3-40 .7720 525 .5 68 2.042 1.6150 
Equation representing the friction head for this pipe line: 
h = .3l 75V1 • •• _____ ---------- - ----------- ---- ------------------------ - -------------- ( 49) 
Equation representing the friction due to one 2-lnch elbow. (From Eqs. 49, 16, 
and 18): 
h = .010574V1 • 963 --------- ---- ----------- - --------- ------------ - -------------------- (50) 
TABLE 30. 
Observed values in testing a pipe line composed of 36.03 feet of 2'h-lnCh black pipe, 
8 elbows, and constants: 
Time IJeod Weight Temp. • Diameter Velocity 
Mln.-Sec. Ft. L\>s. F. Inches. Ft. per Sec. 
5-00 .1120 326.5 79 2-48 .!>215 
5-00 .1380 371.0 79 2.48 .5920 
5-00 .1950 442.5 79 2.48 .7060 
5-00 .2330 485.5 79 2.48 .7750 
5-00 .2590 512.0 79 2.48 .8175 
5-00 .3120 573.0 79 2.48 .8980 
4-00 .3790 501.5 79 2 .48 1.0000 
3-35 ..1650 503.!> 79 2.48 1.1200 
Equation representing the friction head for this pipe line: 
h =. 38V1 · 87" - -- -- --- - ---------------- ---------- ---------------------------- __ (!>1) 
Equation representing the friction due to one 2¥.,-Jnch elbow. (From Eqs:-51 -and 19): 
h =. 01212V1 •97 • - -- ------------ ---------------- -------------- ---·------------------- (52) 
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TABLE 31. , 
Observed valueii in testing & pipe line composed of 41.48 feet of 1%-lnch bl&ck pipe. 
I abort radius ordinary elbows, and constants: 
'rime Head Wel&"ht Temp. Diameter Velocity 
Mln.-Sec. Ft. Lbs. F. Inches. Ft. per See. 
----- · 
5--00 .0105 23.5 71 1.35 .1263 
5-00 .O'l56 41.0 . 71 1.35 .2205 
5-00 .042-0 li6.0 71 l.l!5 .8010 
5-00 .0560 66.5 71 1.35 .3580 
5-00 .1435 113.0 71 1.35 .6090 
5-05 .2680 160.0 71 1.35 .8470 
5-00 .5590· ?36.0 71 1.35 1.2700 
5-00 .9620 314.0 71 1.35 1.6910 
5-00 1.7300 424.5 71 1.35 2.2810 
5-00 2.0050 457.5 71 UIS 2.4650 
Equation representing the friction head for this pipe line: 
h = ,368V1. ••• ----- ----------------------------------------------------------------- (5S) Equation representing the friction due to one 1%·1nch short radius ordinary elbow. 
(From Eqs. 53, 10, and 12): 
h= .0111v•·••10 ------------------------------------------------------------------- (54} 
TABLE 32. 
Observed values in testing a pipe line composed pf 41.48 feet of 1%-lnch biack pipe. 
8 long radius ordinary elbows, and constants: 
r.rime Head Wel&"ht Temp. Diameter Velocity 
Min.-Sec. Ft . Ll:>s. F. Inches. Ft. per Sec. 
5-00 . 2370 160.0 71 1.35 .8620 
5-00 .4230 217.5 71 1.35 1.1700 
5-00 .8610 ~97.0 71 1.35 1.6970 
5-00 .9030 824.0 71 1.35 1.7430 
5-00 1.6445 441.0 71 1.35 2.3750 
5-00 2.0070 494.5 71 1.35 2.6600 
Equation representing the friction head for this pipe line: 
h = .312V' · •22 ----------------------------- ----------------------------------------- (55) 
:Equation representing the friction due to one 1%-lnch Joni: radius ordinary elbow. 
(From Eqs. 55, 10, and 12): 
h = .000322V2 • '"' --- ---···------------------------------- ---------- ----------------.--- (56) 
TABLE 33. 
Observed values in testing a pipe line composed of H.48 feet of 1%-inch black pipe, 
8 short radius drainage elbows, and constants: 
Time He:td Welii:ht Temp. Diameter Velocity 
Min .- Sec. Ft. Lbs. F. Inches. Ft. per Sec. 
------
5-00 .0370 50.0 84 1.35 .264-0 
5-00 .0615 64.5 64 1.35 .3410 
5-00 .1660 111.5 64 1.35 .5900 
5-00 .6400 232.5 64 1.35 1.2300 
5-00 1.2150 325.5 84 1.35 1.7200 
Equation representing the friction head for this pipe line: 
h = . 4415V1 • ••• ----- ---- ---------------------------------------------- --------------- (57) 
Equation representing the friction due to one l\i·lnch short radius dralnaii:e elbow. (From Eqs. 57 , 10, and 12): 
h = . 02009V1 • 96 " ___ --------- ·---- ______ ------------------------ --------------------- (58) 
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TABLE 34. 
Observed values In testing a. pipe line composed of 41.48 feet of l'*·fnch black p11)9, 
8 Jong radius drainage elbows, · and cor\stants : I 
Time Head Wel&'ht Temp. Diameter Velocity 
Mln .-Sec. Ft. Lbs. F. Inches. Ft. per Sec • 
. 5-00 .0060 52.0 63 1.35 . • 2750 
5-00 .1780 129.5 63 l.Sli .6850 
5-00 .~720 
I 
243.5 63 1.35 1.2880 
,. 5-00 1.2170 362.5 63 1.35 1.9100 
Equation representing the friction head for this pipe line: 
h= .36V1 • ••• ------------------------------- -------------------------------------- (69) 
Equation representing the friction due to one 114-lneh Ion&' radius dralna&'e elbow. 
(From Eqs. 5!!, 10, and 12): 
. h = .OOS981V'. o1 •• . -------•----------- ----------------------------------------------- (80) 
TABLE 35. 
Observed values In testing a pipe line composed of 41.48 feet of l'*·u;ch black pipe, 
8 Jong radius drainage elbows, and constants: 
'l'lme Head Wel&'ht Temp. Dltii:~~ Velocity 'Mln .-Sec. Ft. Lbs. F. Ft. per Sec. 
- - - - - -
5-00 .0535 66.5 ~ 1.35 .8610 
5-00 .1760 130.0 ~ 1.35 .6870 
5-00 .6970 275.0 ~ l.36 1.4500 
5-00 1.5790 ~24.5 ~ 1.35 2.2400 
Equation representing the friction head for this pipe line: 
h = .3515V' · 0 2 _ _____ _ - ----- - - - -- - ---- -- - ------- - -------------- --------- ---------- --- (61) 
Equation representing the friction due to one 1%-inch long radius drainage elbow. 
(From Eqs . 61, 10, and ~2): 
h = .008649V': ••• ------------------'--------------------------------------------- (02) 
TABLE 36. 
Observed values in testini: a pipe line composed of 39. 76 feet of %-Inch pipe, 8 elbow1, 
and constants at different temperatures: 
Time Head Wel&'ht Temp. Diameter Velocity 
Mln .-Sec. Ft. Lbs . F. Inches . Ft . per Sec. 
-----
- -----
5-00 .2700 43.0 70 .8175 .6320 
5-00 .5470 62 .0 70 .817i> .9110 
5-00 1.0670 1!1.0 70 .8175 1.2790 
5-00 1.0065 86.5 70 .8175 1.2560 
5-00 1.9050 118.0 70 .8175 1.7330_ 
Equation representing the friction head for this pipe line with water at 70 de&'r-: 
h = .lf72V'. •• --- ------------------- ----- ------------------------------------------- (68) 
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TABLE 37. 
'.fime Head Weight Temp. Diameter Velocity 
Mln. - See. Ft. Lbs. F. Inches • Ft. per See. 
&-00 .1256 30.0 102 • 8175 .«20 
&-00 .26(0 u .o 101 .8175 .ec~ 
&-00 .5270 62.5 101 .8175 .9210 
5-00 .96al 86.0 100 .8175 1.2670 
&-00 1.~ 104.5 106 .8175 1.5400 
E<iuatlon representing the friction bead for this pipe line with water at about 100 
degreeh~ .624V1 • •• _ - - ---------------- ---------------------- - --------------------------· (60 
TABLE 38. 
Time Head Weight Temp. Diameter Velocity 
Min.- See. Ft. Lbs. F. Inches. Ft. per Sec. 
----
&-00 .5090 63.0 143 .8175 .IJS40 
5--00 .8710 82.5 141 .8175 1.2240 
&-00 .1665 85.5 142 .8175 .5260 
5-00 .2070 40.0 141 .8175 .5980 
&-00 .3261 49.5 141 .8175 .7320 
\ -
Equation representing the friction bead for this pipe line with water at about 140 
degrees: 
h = .1i83V' · •• ---- -·--------------- ----------------------·--- -·-·--·-···-------- (C!i) 




